Abstract-Adult male albino rats of three strains-Wistar, Sprague-Dawley and Holtzman-were trained to press a lever to avoid electric shocks under Sidman-type (R-S interval=20 sec; S-S interval=5 sec) and discriminated avoidance (ITI=15 sec; warning duration=5 sec) schedules, and the acquisition processes of avoidance re sponses, and the properties of behavioral baselines were investigated. Under both schedules, Wistar strain rats, though showing poorer results than the other two in the beginning, rapidly progressed with the repetitive training, and finally displayed excellent and stable performances.
The avoidance conditionings were started at the ages of 100-120 days when the body weight attained 250-300 g. The breeding conditions remained unaltered after the start of the conditioning, no special care was given, and the animals were allowed to eat and drink freely in their home cages except when they were trained. One training session for a fixed duration was held once a day, and this was repeated at 2-3 day intervals. No rat had more than one training session a day.
Drug: The drug used was diazepam (Cercine Inj., Takeda) which was diluted, im mediately before the administration, with a 2000 propylene glycol, and the given volume fixed at 1 ml/kg. Subcutaneous injections were given at intervals of more than one week.
One day before and after the administration of the drug, the same volume of solvent alone was given. On the drug testing days, the avoidance responses were observed for 1 hr im mediately before the administration to check the fluctuation of behavioral baseline.
Apparatus and programming: Two conditioned avoidance schedules-Sidman-type and discriminated-were used. The Skinner-boxes and programming systems were the same as used throughout all experiments, and one set was employed in each avoidance training.
Schedules and training methods have already been reviewed in detail (14) .
Sidman-type avoidance schedule (15, 16) : A rat was placed in a Skinner-box, 20(D)
x 30(W) x 22(H) cm, and shock was delivered by passing 200 V, 0.5 mA, 50 Hz AC through the floor grid for 0.5 sec at 5 sec intervals (S-S interval=5 sec) by means of a shock scrambler.
When the rat pressed a lever (response) set at the side wall of the Skinner-box, the shock presentation was delayed 20 sec from the time of the response (R-S interval=20 see). Thus, if the rat could repeat the lever-pressing at intervals of less than 20 sec, shock would always be avoided.
In the present experiment, 4-7 rats of each of the three strains were used. One session lasted for 2 hr.
Discriminated avoidance schedule (17) (18) (19) : A rat was placed in a Skinner-box, 20
(D) x 25(W) x 19(H) cm, and shock was delivered every 20 sec by passing current through the floor grid. But at 5 sec prior to the presentation of the shock, visual and auditory stimuli-lighting of a pilot lamp and clicking from a speaker-were given, and such lasted for 5 sec (warning duration=5 sec). The first lever-pressing within the duration of the Solomon and Brush (17) or by Hoffman (18) in that the escape response was not taken into consideration (Fig. 1) . The intensity of the electric shock and the method of current passing were the same as in the previous Sidman-type schedule.
In this experiment, 4-6 rats of each of the three strains were used. One session lasted for 2.5 hr.
RESULTS
Difference by strains in the acquisition of Sidman-type avoidance response avoidance schedule, the behavioral baselines for rats seemed to be established within 6
sessions, and there were marked differences by strains in the acquisition processes and the patterns of the baseline. In both the former and later sessions, W and H-strains showed nearly the same incli nations, but that for S-strain was markedly different from the other two. It was thus indicated that W and H-strain rats possessed nearly the same abilities of acquisition, whereas S-strain had evidently inferior ability.
Differences by strains were also observed in gross behavior of rats during the trainings, thus while many W-strain rats were found crouching in the angle of the box in the early stages of trainings, S and H-strain rats tended to run about incessantly.
Regarding within-session performance, warm-up effects were especially observed individually in animals showing the best and worst results. As can be seen herein, both the best and the worst performers of W-strain rats failed to perform avoidance in the first session. But in the 6th session and later, not only the best but also the worst performers received the least number of shocks after 30 min, except for some warm-up effect observed immediately after the opening of session. Of S-strain rats, the worst as well as the best displayed some avoidance from the 1st session, and the patterns of within-session changes in shock rate were almost the same in each of 12 sessions and in all cases. Furthermore, even the best performer showed a prominent warm-up effect for 2 hr, and only in the latter half of the session did the shock rates tend to decrease. The worst performer failed to show any progress in the learning. Of H-strain rats, both types of performers displayed avoidance in the first session, with the shock rates being lowered.
In the 6th and later sessions, the best performer displayed little warm-up effect, but the shock rate tended to be higher than that seen with W-strain animals. The worst performer exhibited a warm-up effect for 1 hr, and such was longer than that of W-strain rats.
Difference by strains in the acquisition on discriminated avoidance response Fig. 6 represents the acquisition processes of rats under the discriminated avoidance schedule in terms of response rates (upper) and avoidace rates (lower). The abscissa denotes the number of sessions, and the ordinate the response or avoidance rates. Fig. 7 gives the results of statistical comparisons of these rates between the strains. Under this schedule, longer trainings were needed than under the Sidman-type for the establishment of behavioral baselines. Difference in the acquisition processes between the strains was essentially the same under the two schedules. Thus the response rates were higher in the order of S=-. H>W up to 10 sessions with the exception of the 1st session, and there was no later change among the three strains. The order for avoidance rates was also S=H>W in the first 8 sessions, but the results of W-strain rats began to improve after several sessions, with avoidance rates attaining stable levels as high as above 95% on the S-strain rats gave 60-70 avoidance rates, with no increase despite repeated training.
As for gross behavior, S and H-strain rats tended to be more active in the box much in the same way as was seen under Sidman-type schedule. Fig. 8 represents avoidance rates and within-session performances of two rats of each strain which gave the best and worst avoidance results, respectively. As in Fig. 4 , the results in each of the 1st, 5th, 10th, 15th, 20th, 25th and the 30th session were shown. The upper figures show the results of the best performers, and the lower, those of the worst performers.
The two rats of W-strain displayed no avoidance in the 1st session, but the best per former, within 10 sessions and the worst performer, within 20, gave avoidance rates as high as 90-100%. Moreover, warm-up effect was never observed in the best case, while in the worst case it lasted no more than 30 min at the longest. The two rats of S-strain displayed some avoidance even in the 1st session, but marked improvement in avoidance rates such as was seen in the W-strain never occurred. Thus the warm-up effect was manifested for 2 hr even by the best performer, and the maximum avoidance rate never exceeded 80% in any session. In the worst performer, the warm-up effect remained as long as 2.5 hr, and the avoidance rate was only about 60 even in the last part of session. The two rats of H-strain showed gradually higher avoidance rates with each training, but the improvement was evidently delayed as compared with W-strain rats. Thus it took about 20 sessions of training even for the best performer to attain the within-session avoidance rates of about 90%.
Moreover, even at this period of high avoidance rate, warm-up effect lasted for as long as 30 min to I hr, and the stability of the baseline within and between-sessions was evidently inferior to that of W-strain. The worst performer retained the first low avoidance rate for the previous and the following day of the drug administration, a 20% propylene glycol, the solvent of diazepam, was given in the same doses as above, and these results were also plotted in Fig. 9 . Avoidance responses were observed at least 1 hr before and 2.5 hr after the drug administration in order to trace changes in the drug effect as expressed in response and shock rates. In cases of W and H-strains, diazepam administration inhibited the avoidance responses in parallel to the doses, and as a result, the response rates were lowered while shock rates were elevated. In case of S-strain, however, 0.5 and 1.0 mg/kg conversely improved the avoidance responses, consequently elevating the response rates, while lowering the shock rates. When 2.0 mg/kg of diazepam was given, rats displayed marked ataxia, thus making improvement in performance of the S-strain rats inconspicuous. Also under the discriminated avoidance schedule, similar changes were elicited by diazepam administration.
Thus in case of W-strain rats, both response and avoidance rates were lowered in fairly good parallel with the dose of diazepam. In case of S-strain rats, however, 0.5 and 1.0 mg kg of the drug improved the avoidance rates, whereas after 2.0 mg/kg, inhibition was seen and a concomitant ataxia developed.
DISCUSSION
Under the present experimental conditions, W-strain rats were superior to S and H strain rats in the acquisition of the avoidance responses as judged from avoidance and shock rates, and stability of the behavioral baselines. S-strain stood at the last in rank, and H strain between these two.
Nakamura and Anderson (6) reported that S-strain rats were evidently inferior to Long-Evans strain rats with respect to the establishment process of avoidance response, and
Myers (5) pointed out that differences in the strains were dependent on the conditions of training in which S-strain was superior to W-strain when the warning stimulus was pure tone, but vice versa when a buzzer was used. There is also a report (6) that learning ability varies among animals of the same strain if their supplier, that is, the closed colony is different, since different genetic backgrounds and breeding conditions exert different effects. If so, the present results alone may be inadequate for the ranking of learning ability among strains.
It is, however, noteworthy that the three strains displayed an identical order of performance ability under the two different schedules, thus manifesting their respective characteristics in avoidance conditioning. Previously the authors (19, 20) reported that the temporal para meters such as R-S and S-S intervals in Sidman-type avoidance schedule, and ITI in the discriminated avoidance schedule had little influence on the learning speed. Hoffman et a! (21) pointed out that the change in shock intensity produced little effect on the avoidance performance. It is therefore considered reasonable to estimate the general trend of avoidance conditioning of each strain under the experimental conditions, where the same apparatus, the same shock intensity and the same temporal parameters are used throughout the ex periment. Also with regard to gross behavior during the training, S and H-strain rats were more active in the Skinner-boxes from the beginning, while W-strain rats tended to be motionless, thus exhibiting the different characteristics seen with different strains. We assumed that the accidental lever pressing may be higher in the former two than in the latter.
A prominent warm-up effect was occasionally observed in the within-session perfor mances of both the best and worst performers of S and H-strains, again strongly indicating a difference in strains. Nakamura and Anderson (6), Hoffman et al (18, 21) and Kamin (22, 23) consider that the warm-up effect may reflect emotionality, resulting from exposure to shock during the session, or heightened motivation for avoidance, or the between-session maintenance of these factors. From this viewpoint, the emotionality or motivational re activity may be higher in the order of W>H>S. These observations alone do not however, explain the difference by rat strains as revealed in the present experiment. Results from experiments on unconditioned performances should be utilized for purpose of comparison.
S-strain rats, which gave the poorest performance in the avoidance tests, displayed different responses to diazepam from that of the other two strains. Takaori et al (9) and Bignami et al (10) stated that diazepam administration to rats of the same strain improved the avoidance response when such was previously inferior, but inhibited the response when such was previously superior. Essentially similar effects of diazepam were seen in the present work. This can be explained to some extent by the rate dependency (11, 12) , that is, diazepam may exert an inhibitory effect on animals with a high rate of efficient responses, say of W-strain, and an accelerative effect on those with low response rates, say of S-strain, since there is no difference in the response rate between these two strains.
The results of the present experiment indicate the necessity of careful selection of the strain in designing behavioral experiments and in analyzing the results.
